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Analysis of electrophysiological data. Electrophysiological recordings were analysed 2 2 6 using Clampfit 10.3 (Molecular Devices, San Jose, CA, USA) and custom routines in 2 2 7
Igor 6.2 (Wavemetrics, Portland, OR, USA, RRID:SCR_000325). Igor routines were 2 2 8 used to perform offline leak subtraction (for potassium currents). Series resistances of 2 2 9
EPSC recordings was ~ 50-70% compensated. The remaining Rs error of postsynaptic 2 3 0 currents was corrected by an off-line Igor routine.
3 1
Morphological analysis. In-vivo dye injections were performed to identify individual 2 3 2 axons and calyx-like terminals contacting a principal MNTB neuron. For in-vivo tracing, 2 3 3 a ventral craniotomy was performed (Rodriguez-Contreras et al., 2008) and afferent 2 3 4 fibres to the calyx of Held were electroporated with rhodamine-labeled dextran (3,000 2 3 5 MW; D3308 -Invitrogen, Carlsbad, California, USA) or microruby (3,000 MW, D7162 -2 3 6
Invitrogen, Carlsbad, CA, USA) at the midline, in pups between P12 and P14. Thirty 2 3 7 minutes later, the animal was perfused with parafomaldehyde (4%), and the brainstem 2 3 8 was sliced with a cryostat into 60 µm-thick sections. Brainstem sections were mounted 2 3 9 with a medium containing DAPI for nucleus identification (Vectashield Antifade 2 4 0
Mounting Medium with DAPI; Vectorlabs, Burlingame, CA, USA). A laser scanning 2 4 1 confocal microscope (Zeiss LSM 800 or Leica TCS SPE) equipped with krypton-argon 2 4 2 and helium-neon lasers was used to acquire high resolution z-stack images (40X, NA 2 4 3 1.3 oil, 1.14 µm steps; 63X, NA 1.4 oil, 0.5 µm steps) of randomly lateral or medial 2 4 4 sections of the MNTB. Images were opened and analysed with Fiji software (Schindelin 2 4 5 et al., 2012). Digitized tracing for each axonal profile was made with Fiji.
4 6
Experimental Design and Statistical Analysis. Experiments were designed in order 2 4 7 to reduce the number of animals but taking into account a balance between the number 2 4 8 of samples to accurately perform statistical tests and the ethics guidelines for animal 2 4 9 research as described above. All statistical tests were carried out with Statistica 7.0 2 5 0 software (Stat Soft. Inc, Tulsa, OK, USA, RRID:SCR_014213) with the exception of 2 5 1
ABRs performed with Prism 6 software (GraphPad, La Jolla, CA, USA, RRID: 294 2 5 2 1 2 SCR_002798). Prior to performing any analysis, data sets were tested for normal 2 5 3 distribution and homoscedasticity. If these assumptions were satisfactorily passed, a 2 5 4 parametric test was applied. In these cases, comparisons were made by one-way 2 5 5 ANOVA and the statistic "F" value with the associated "p-value" significance was 2 5 6 reported in every case. Otherwise, non-parametric Mann-Whitney test was used.
5 7
Values of p<0.05 were considered significant. Average data were expressed and plot 2 5 8 as mean ± S.E.M. In all cases "n" indicates the number of cells tested. 2 5 9
Drugs and reagents. All drugs and reagents were purchased from Sigma-Aldrich 2 6 0 (Saint Louis, Missouri, USA, RRID:SCR_008988) with the exception of ZD7288 and 2 6 1 TTX which were purchased from Tocris Bioscience (Bristol, UK; RRID: SCR_003689). 2 6 2 2 6 3 1 3
Results

6 4
Reduction of ABR wave III amplitude in L9'T mice.
6 5
In L9'T mice the MOC-IHC synapse displays both pre-and postsynaptic alterations 2 6 6 leading to an enhancement and prolongation of inhibitory synaptic responses 2 6 7 (Wedemeyer et al., 2018). Furthermore, low-frequency stimulation of MOC fibers 2 6 8 allows a complete suppression of IHC action potentials (Wedemeyer et al., 2018) . In 2 6 9 order to examine whether this enhanced MOC efferent cholinergic activity has an 2 7 0 impact on the functionality of the auditory pathway, auditory brainstem responses 2 7 1 (ABRs) were measured at P16 (temporally close to the onset of hearing, as a functional hearing test that detects retro-cochlear abnormalities underlying hearing 2 7 5 impairment (Karplus et al., 1988; Shapiro, 1988; Shaw, 1988) . Pip-evoked ABR 2 7 6 waveform amplitudes were analyzed at 80 dB SPL for peaks corresponding to the 2 7 7 auditory nerve (wave I), cochlear nucleus (wave II) and superior olivary complex (SOC) 2 7 8 (wave III) at different frequencies (8, 16 and 32 KHz) (Melcher et al., 1996) (Fig. 1A) .
7 9
As recently shown (Boero et al., 2018) , no abnormalities in peak I amplitude were 2 8 0 observed in L9'T compared to WT mice at 8, 16 and 32 KHz either at P16 (Table 1) or 2 8 1 P21 ( Fig. 1B ; Table 1 ). This suggests no gross alterations in the first synapse of the 2 8 2 auditory pathway between IHCs and auditory nerve fibers in L9'T mice. The amplitude 2 8 3 of peak II which is the second neural relay, the cochlear nucleus, was diminished at 2 8 4 P16 in mice with enhanced MOC activity compared to WT at 8 KHz, 16 KHz and 32 2 8 5 KHz (Table 1) . However, this difference disappeared in the auditory mature stage 2 8 6 (Table 1 and Fig. 1C ). Interestingly, peak III amplitude at P16 was reduced in L9'T mice 2 8 7 compared to WT at 8KHz and at all frequencies tested at P21 (Table 1 and Fig 1D) . The reduction of ABR peak III amplitude in the L9'T mice temporally close to the onset 2 9 2 of hearing, raises the question if synaptic transmission at the MNTB level is altered in 2 9 3 mice with enhanced MOC activity. To address this point, we performed synaptic 2 9 4 studies on slices containing the glutamatergic MNTB-calyx of Held synapse. The rate 2 9 5 and amplitude of mEPSCs ( Fig Principal neurons of the MNTB receive synaptic input from a single giant calyx terminal 3 0 7 that generates the stereotyped calyceal EPSC response, which is independent of 3 0 8 stimulus intensity above threshold (Fig. 2D) . A broader EPSC amplitude distribution in 3 0 9 the L9'T compared to WT mice was observed (Fig. 2E) . Thus, while no significant 3 1 0 differences in the unitary medial and lateral EPSC amplitudes were recorded in WT (M: 3 1 1 7.59±1.12 nA, n=9; L: 7.35±0.95 nA, n=10, ANOVA, F:0.027, p=0.87), the evoked 3 1 2 synaptic currents in the lateral side (5.07±0.87 nA, n=12) of L9'T mice were smaller 3 1 3 compared to those of the medial side (8.05±1.37 nA, n=11; ANOVA, F:5.07, p=0.0357, 3 1 4 Repeated application of negative voltage steps from -50 to -140 mV, displayed an 3 8 3 instantaneous (I I ) followed by a slowly inward (I s ) current (Fig 6A, inset) , leading to a I h 3 8 4 (Is-I I ) current. The specificity of this inward current (mediated by HCN channels) was 3 8 5 confirmed by its sensitivity to the selective blocker ZD7288 in all cases (Fig 6A, inset) .
In agreement with previous observations (Leao et al., 2006) , I h currents in WT mice 3 8 7 exhibited a medio-lateral gradient (Fig. 6B, -140 leading to the persistence of immature calyces in mutant mice is unknown, but most 4 6 6 likely reside on the lack of cues needed to strengthen competing synaptic inputs to a 4 6 7 mature innervation as described for the neuromuscular junction (Wu et al., 2010) , the 4 6 8 climbing fiber innervation of Purkinje cells (Watanabe and Kano, 2011) , and the retinal 4 6 9 ganglion cell innervation of the dorsal lateral geniculate nucleus (Hong and Chen, 4 7 0 2011). In this regard, the L9´T mutant phenotype resembles that of the bone 4 7 1 morphogenetic protein conditional knock-out, with impaired nerve terminal growth, loss 4 7 2 of mono-innervation and less mature transmitter release properties (Xiao et al., 2013) .
It has been reported that developmental pruning of calyceal collaterals is independent 4 7 4 of sound-evoked activity (Rodriguez-Contreras et al., 2008) . The present results 4 7 5 suggest that it is highly dependent upon the transient MOC efferent innervations that 4 7 6 tightly controls spontaneous spiking activity.
7 7
The increased frequency of mEPSCs in mutant mice might derive from the higher 
